Background: Ganoderma lucidum was traditionally used to manage male sexual dysfunction. This study was designed to investigate and establish the traditional aphrodisiac potential of the herb. Methods: Aphrodisiac potential was evaluated following the oral administration of two different doses (150 and 300 mg/kg) of ethanol extract of Ganoderma lucidum. Sildenafil citrate (Viagra) and distilled water were used as positive and negative controls respectively. Mounting, intromission and ejaculation frequencies, mating performance, and orientation activities towards females, towards the environment, and towards self were observed. Serum testosterone levels were also evaluated.
Background
Male infertility is due to any problem in the male reproductive system, including: decreased sexual desire, barrenness, premature ejaculation and erectile dysfunction [1] . Sex is a highly important aspect of living organisms which plays a key role in their survival. Substances that increase the sexual desire are called aphrodisiac agents. The term aphrodisiac is derived from "Aphrodite", that means the "Greek goddess of sexuality and love" [2] . In allopathic medicine, there are various drugs which can increase the sexual craving in both male and female, although these drugs have numerous harmful effects [3] . Phosphodiesterase type 5 inhibitors, like tadalafil (Cialis) and sildenafil (Viagra) are the most commonly used aphrodisiac agents, but these drugs cause dizziness, headache, visual disturbance, pulse irregularities, dyspepsia, priapism, diarrhoea and flushing [4] .
Mushrooms have been one of the major sources of several medicinal products. There are around 10,000 varieties of mushrooms, out of which 2000 have nonpoisonous effects and around 300 of them have shown important medicinal effects [5] . Studies show that mushroom extracts are advantageous for the human body, as they have shown several pharmacological activities such as anti-bacterial, anti-inflammatory, anti-viral and anti-hyperglycemic activity [6] .
Ganoderma lucidum (reishi) is denoted as a sacred mushroom in Chinese culture [7] . These days, reishi has gained a great value in medicinal product development because of its medicinal properties [8] . Ganoderma lucidum is not only used to treat common health problems, [9] but it has also been used as an anti-cancer agent alone or with western chemotherapy medications [10] .
From the fruiting bodies, spores, and mycelia of reishi, various types of bioactive compounds have been identified which commonly consist of proteins, peptides, triterpenoids, sterols, polysaccharides, steroids, nucleotides and trace elements [11, 12] . Ganoderma lucidum has shown various pharmacological activities which include antiviral (anti-HIV), hepatoprotective, anti-ulcer antibacterial, anti-tumour, anti-inflammatory, radio-protective, age promoting, analgesic, hypolipidemic, sleep promoting, cytotoxic, chemopreventive, antifibrotic, antiatherosclerotic, antidiabetic, radical scavenging and antioxidative properties [8, 11, [13] [14] [15] [16] . In this study, we have evaluated the potential aphrodisiac activity of ethanol extract of Ganoderma lucidum (GLE) in male Wistar rats.
Methods

Drugs and chemicals
Ganoderma lucidum extract composed of cracked spores and fruiting bodies, branded ReishiMaxGLpTM, was procured from Pharmanex Inc. (United States of America). Sildenafil was purchased from Pfizer, USA, while progesterone and estradiol benzoate were procured from Sigma Aldrich, Pakistan.
Animals
Healthy adult rats (Wistar strain) bearing weight of 150-200 g were purchased from the animal house of Dow University of Health Sciences, Pakistan. Polypropylene cages have been used for keeping the animals under controlled conditions at room temperature (25-30°C) with light-dark cycle of 12\12 h. Standard diet and water ad libitum were given to the rats. Handling of the animals was done according to the requirements mentioned in "Guidelines for the care and use of laboratory animals 8 th edition" [17] . Prior approval of the ethical review committee of Ziauddin University was taken before starting this research study.
Animal groups
Male rats were divided into four groups (n = 6):
Group I: Control group, given distilled water (10 ml/kg) orally for 40 days. Group II: Treatment group, given extract (150 mg/kg) for 40 days. Group III: Treatment group, given extract (300 mg/kg) for 40 days. Group IV: Standard drug group, given sildenafil citrate (5 mg/kg) for 40 days.
Preparation of male rats
Sexual behaviour training was given to male rats for 10 days. The animal that did not show any sexual interest was replaced by another sexually active rat [18, 19] .
Preparation of female rats
Oestrus (heat) was developed artificially in female rats by giving progesterone (0.5 mg / 100 g body weight) and estradiol benzoate (10 microgram/100 g body weight) over the subcutaneous route sequentially before mating. Before conducting the experiment the receptivity of female rats was ensured [18, 19] .
A number of parameters such as mounting behaviour, mating performance, orientation activities of male rats towards the surrounding, towards female and towards themselves were observed for the assessment of aphrodisiac activity of the extract.
Mounting behaviour test
The climbing property of male rats onto the female rats is known as "Mounting". To assess the number of mounts, the mounting behaviour test was performed. Males, treated with the extract, were paired with non-oestrus female rats. The behaviour of the animals was noted for 3 h on the 10th, 20th and 40th day of the study. Male rats were placed individually in each cage. After 15 min of acclimation, non-oestrus female was introduced into each cage and number of mounts were noted at the beginning of 1st hour for next 15 min. Every female was then given a resting period of 105 min by pulling it from each cage. The females were again introduced into the cages and the number of mounts were again noted for 15 min before the end of 3rd hour of the test. The test was performed at room temperature of 25-27°C between 9 a.m. to 12 p.m. [18, 19] .
Determination of mating performance
In this test every male rat was settled separately in a glass cage. After the acclimation period of 15 min, five oestrus females were admitted into each cage and they cohabited overnight. For the detection of any sperms in females, microscopic investigation of the vaginal smear of every female rat was performed. Sperm positive females were noted in every group [18, 19] .
Test for libido
In this test sexually experienced male rats demonstrating vigorous sexual performance were selected. Mounting Frequency (MF) was observed in these rats in the evening of 10th, 20th and 40th day. Before initiating the observation, the sheath of the penis was retracted to expose the penis of rats and xylocaine 5% ointment (AstraZeneca Pharma) was applied at the interval of 5, 15 and 30 min. Each male rat was allocated separately in a cage and female rats were admitted in the similar cage. The total number of intromissions and ejaculations were observed [20] .
Determination of the orientation activities of male rats
In this test the behavioural activities of the male rats, towards the surrounding, towards themselves and towards females were examined. The rats were observed and the number of climbings, genital groomings, lickings and anogenital sniffings were counted for one hour [21] .
Preparation of serum for testosterone analysis
The blood was collected via cardiac puncture using chloroform anaesthesia. Using sterilized syringe, 5 ml of blood was collected in appropriately labelled blank tubes containing no anti-coagulant. The tubes were given 5 to 10 min for coagulation before they were subjected to centrifugation. The needles were changed for every single animal. After coagulation these tubes were centrifuged at 3000 rpm for 10 min. The supernatant formed after centrifugation was sucked and collected in a clean, empty tube for testosterone assay [22] .
Testosterone analysis
Quantitative determination of total testosterone was done by the competitive imunoenzymatic colorimetric method mentioned in the manufacturer's test procedure (Diametra testosterone ELISA kit). The absorbance was noted at 420 nm against a reference wavelength of 620-630 nm. 
Statistical analysis
One-way ANOVA followed by Tukey's test was used for analysing the data. Data were expressed as mean ± standard error of mean. A statistical level of 0.05 or less was accepted as significant.
Results
In mounting behavior test, during 1st and 3rd hour of the test, GLE showed extremely significant effect at both doses viz. 150 mg/kg and 300 mg/kg when compared with control group. However, 150 mg/kg GLE was noted as the most effective aphrodisiac dose (Figs. 1 and 2 ).
An extremely significant difference was recorded in mating performance test. The results show that there were more sperm positive females in GLE (150 mg/kg and 300 mg/kg) groups in comparison to normal control group on 10th, 20th and 40th day of the study. Our results suggest that 150 mg/kg dose is more effective than 300 mg/kg dose in terms of mating performance test. The results of 150 mg/kg are comparable to sildenafil citrate, positive control (Fig. 3) .
The results of libido test show that the number of intromissions and ejaculations in GLE groups was significantly high when compared with control group. We observed very promising results of GLE in terms of the number of intromissions and ejaculations. The effect of GLE (150 mg/kg) was greater than sildenafil citrate in libido test (Figs. 4 and 5) .
The results of orientation activities show significant increase in the activities of male rats in terms of anogenital sniffing, licking, climbing and genital grooming. There was extremely significant increase in the orientation Ganoderma lucidum significantly increased the serum testosterone levels in male rats when compared with control group (Fig. 10) .
Discussion
Mounting and intromission frequencies are the important indicators of libido. Mounting frequency shows the increase in sexual desire and increase in intromission frequency reflects the ability of penile erection, penile introduction, and the responses which trigger ejaculation [23, 24] .
In this study, the results show that Ganoderma lucidum increases the number of mounts which represents that continuous administration of the extract significantly increases the sexual desire when compared with control group and sildenafil citrate 5 mg/kg group.
The ability of doing sex is not only dependent on sexual desire but it also depends on erectile function. If an individual is suffering from erectile dysfunction, it can cause a major barrier in sexual performance even in presence of strong sexual desire. Sexual performance depends on neurovascular occasions by means of hemodynamic mechanism of penile erection [25] . Therefore, the increase in the intromission and ejaculation frequencies with the administration of GLE indicates that extract significantly increases the sexual performance of male rats. The increase in the intromission frequency proposed that adequate penile erection was accomplished by this extract [26] . Hence, GLE may be investigated for the treatment of erectile dysfunction. Moreover, there were more sperm positive females in the mating performance test which also supports the aphrodisiac potential of the extract. The similarity in the results of mating performance test of ethanol extract of Ganoderma lucidum and sildenafil citrate reveals identical aphrodisiac activity of both agents. However, in mating performance test a reverse inhibition of sexual performance was seen at the dose of 300 mg/kg of the extract on 10th and 40th day of the study which may be because of sedation in the form of negative sexual interest among the rats. The same result of sexual inhibition was shown with the findings of Afolayan and Yakubu and Ratnasooriya and Dharmasiri which supports the results of our study [24, 26] .
The orientation activity of the male rat is one of the very important parameters to evaluate the aphrodisiac activity in rodents. Results of orientation activity tests of male rats showed that GLE, at the dose of 150 mg/kg; significantly increased the attention of male rats towards female rats when compared with control group and sildenafil citrate 5 mg/kg group.
Many research studies have reported that increase in the sexual desire may be due to an increment in the levels of serum testosterone and anterior pituitary hormones. These hormones are considered as major stimulators of neurotransmitters such as dopamine which helps in conducting the actions related to sexual behavior and copulation [24, 27, 28] . Testosterone is an important steroidal hormone secreted from the leydig cells of the testes [29] . It has been reported that the use of testosterone significantly increases the sexual desire and function. Testosterone also increases the climax of sexual excitement and ejaculation [30, 31] .
The results of our study show that Ganoderma lucidum significantly elevated the testosterone level in male rats. This increase in the testosterone level is the most important parameter to establish the aphrodisiac potential of the GLE.
Certain bioactive compounds play the major role in enhancing testosterone levels endogenously and for boosting the sexual behavior in males. These compounds work by special mechanism which includes: steroids by promoting androgen production [32, 33] alkaloids through widening the blood vessels in the reproductive organs, saponins through stimulating gonadal tissue and CNS by means of NO based mechanism [34] flavonoids by increasing testosterone synthesis or by preventing its metabolic deterioration [35, 36] Steroids are one of the dominant components of Ganoderma lucidum [11] . Thus, the enhancement in sexual activity exhibited in the present study may be due to the presence of steroids in GLE.
Conclusion
According to Solomon P. Wasser [37] , Ganoderma lucidum was traditionally used to manage male sexual dysfunction. This study was designed to investigate and establish the traditional aphrodisiac potential of the herb. The results of this study show that the parameters of mounting behavior test, mating performance test, orientation activities and the test for libido were increased in the animals treated with GLE when compared with the animals treated with distilled water. The increase in above mentioned parameters may due to enhancing effect of GLE on the testosterone levels. Hence, we conclude that GLE may be a new promising aphrodisiac agent, which can be used to promote the sexual performance of many troubled men. Authors' contributions Study design and supervision, analysis of data, graphical representation, interpretation of results and drafting manuscript were done by MA. Sample collection and laboratory experiments were performed by HA. Both authors read and approved the final manuscript.
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